granzyme and caspase activity, apoptosis and cell death 21 22 1. Abstract 23 24 Natural killer (NK) cells eliminate infected and tumorigenic cells through delivery of 25 granzymes via perforin pores or by activation of caspases via death receptors. In order to 26 understand how NK cells combine different cell death mechanisms it is important to quantify 27 target cell responses on a single cell level. However, currently existing reporters do not allow 28 the measurement of several protease activities inside the same cell. Here we present a strategy 29 for the comparison of two different proteases at a time inside individual target cells upon 30 engagement by NK cells. We developed single-fluorescent protein reporters containing the 31 RIEAD or the VGPD cleavage site for the measurement of granzyme B activity. We show 32 that these two granzyme B reporters can be applied in combination with caspase-8 or caspase-33 3 reporters. While we did not find that caspase-8 was activated by granzyme B, our method 34 revealed that caspase-3 activity follows granzyme B activity with a delay of about 6 minutes. 35 Finally, we illustrate the comparison of several different reporters for granzyme A, M, K and 36 H. The here presented approach is a valuable means for the investigation of the temporal 37 evolution of cell death mediated by cytotoxic lymphocytes. 38
granzyme B to NK cell mediated cell death, and in particular the potential activation of 165 caspase-8 by granzyme B, is an intriguing question that could help to better understand cell 166 death signaling by NK cells. 167 Therefore, we tested if caspase-8 and granzyme B activity can be distinguished within the 168 same cell using our single-fluorescent protein reporters. For this aim, we measured NES-169 ELQTD-mGFP (for caspase-8), together with either NES-RIEADS-mCherry or NES-VGPD-170 mCherry (for granzyme B). Upon addition of soluble trimerized CD95L (IZsCD95L) to HeLa 171 cells, we observed efficient cleavage of the caspase-8 reporter NES-ELQTD-mGFP. In 172 contrast, in the same cells, the NES-RIEADS-mCherry reporter was cleaved only up to 10% 173 (Fig 3A) and the NES-VGPD-mCherry reporter was virtually not cleaved (Fig 3B) . This 174 shows that granzyme B activity (using either the RIEADS-or the VGPD-reporter) can be 175 clearly distinguished from caspase-8 activity (using the ELQTD-reporter) within the same 176 cell.
177
We next set out to test for caspase-8 activity in cells showing granzyme B activity. For this, 178 we compared reporter cleavage in HeLa cells in the absence or presence of CD95 expression.
179
Transient expression of shRNA against CD95 led to absence of cell death and caspase-8 180 activity in a control experiment using IZsCD95L as inducer (Fig. 4A) . The nuclear protein 181 H2B-eBFP2 served as a fluorescent marker to recognize cells that contain the plasmid 182 encoding shRNA (Fig. 4B ). Upon addition of NK cells to HeLa(CD48) cells expressing 183 control shRNA, we observed NES-RIEADS-mCherry reporter cleavage as expected 184 indicating granzyme B activity. In addition, the NES-ELQTD-mGFP reporter was cleaved on 185 average up to 7% indicating an additional activation of caspase-8 (Fig 4C) . This caspase-8 186 activity could be due to the activation of caspase-8 by granzyme B, or due to the activation of death receptors during the engagement by the NK cells. To distinguish these two possibilities, 188 we repeated the experiment in HeLa cells expressing a shRNA against CD95. The absence of 189 CD95 expression abolished NES-ELQTD-mGFP reporter cleavage (Fig 4D) . This 190 demonstrates that the caspase-8 activity was due to activation of the CD95 pathway by NK 191 cells and it also reveals that caspase-8 is not, or not efficiently, activated by granzyme B.
192
It is known that effector caspase-3 activation can be a consequence of granzyme B activity 193 (Barry et al., 2000a) . We thus hypothesized that caspase-3 activity should occur with a delay 194 after granzyme B activity, as in the case of CD95 mediated extrinsic apoptosis (Beaudouin et 195 al., 2013; Stennicke et al., 1998) . To test this, we measured reporter cleavage of NES-VGPD-196 mCherry for granzyme B and NES-DEVDR-GFP for caspase-3 in HeLa cells upon addition 197 of NK cells (Fig 5A) . We found that caspase-3 activity appears on average about 6 minutes 198 later than granzyme B (Fig 5B) . The onset of caspase-3 activity was about 10 minutes before 199 cell death, highlighting the speed of this cellular process. These data also show how precisely and were maintained in medium supplemented with 0.5 µg/ml puromycin (Sigma-Aldrich).
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NK92-C1 that stably express IL-2 were maintained in phenol red-free Minimum Essential 
